Background. Factors associated with readmission for patients prescribed outpatient parenteral antibiotic therapy (OPAT) at hospital discharge have not been definitively identified. The study aim was to develop a model of 30-day readmissions for OPAT patients.
Outpatient intravenous antibiotic therapy (OPAT) allows patients to receive intravenous treatment at home rather than remaining hospitalized for the duration of their therapy. Since its inception >30 years ago, OPAT has grown to serve approximately 250 000 persons in the United States annually [1] . Multiple studies have demonstrated that OPAT is safe, effective, cost-saving, and preferred by patients over inpatient care [2] [3] [4] [5] [6] [7] .
Despite the benefits of OPAT, the delivery of potentially toxic therapies outside the acute hospital setting has the potential for complications including hospital readmissions. Thirty-day readmissions are currently receiving particularly intense scrutiny and have been proposed as healthcare quality markers. Patient outcomes with OPAT could be further improved if rates of unplanned readmissions could be predicted and reduced.
However, to our knowledge, no predictive models for readmissions have been developed to date for OPAT patients.
The aim of this study was to identify patient and healthcare system factors that might be associated with an increased risk of readmission for patients discharged on OPAT and to develop a predictive model of all-cause unplanned 30-day hospital readmission for these patients.
METHODS

Participants
The OPAT Research Cohort comprises 782 patients aged 18 years and older who were discharged from Tufts Medical Center (Boston, Massachusetts) with intravenous antibiotics and followed in the center's clinical OPAT program from January 2009 to December 2011 ( Figure 1 ). Patients who initiated intravenous antibiotics as outpatients, or who were prescribed intravenous antibiotics as chronic suppression, were not included in the study. Patients discharged with intravenous antibiotics who (at the discretion of the primary physician) were not followed in the clinical OPAT program were also excluded. This research was approved by the Institutional Review Board of Tufts Medical Center/Tufts University Health Sciences Campus.
OPAT Program
The Tufts Medical Center clinical OPAT program was developed in 2008, based on published OPAT guidelines [1] , and formally began in 2009. Its aim is to improve the transitions from inpatient to outpatient settings for patients discharged with intravenous antibiotics. Patients enter the OPAT program starting with inpatient infectious disease (ID) consultation, which is strongly encouraged for all discharges with parenteral antibiotic therapy. More than 90% of patients discharged with intravenous antibiotic therapy are followed in the OPAT program. After hospital discharge, patients are followed in a single ID clinic by an ID specialist. An OPAT administrator provides care coordination among visiting nurses, outside laboratories, and outpatient specialty infusion pharmacists. Patients are seen within 1-2 weeks of hospital discharge, with future visit frequency determined by their attending outpatient ID physician. Weekly laboratory studies (eg, complete blood count, liver enzymes, serum creatinine, blood urea nitrogen, serum creatine phosphokinase, drug peak/trough levels) are obtained depending on antibiotic(s) utilized, in accordance with published guidelines [1] . Additional laboratory and imaging studies are added at the discretion of the attending physician. 
Data Collection Activities
Patient data were abstracted from medical charts into a secure electronic relational database using REDCap (Research Electronic Data Capture) [8] . Data collected included sociodemographic factors (age, social support, insurance status), measures of healthcare utilization (length of stay, prior hospital admissions for any cause over past 12 months), ID diagnoses, specific antibiotics used, type of intravenous access, primary service, past medical history, and comorbidities at time of hospital admission.
Study Design
The study utilized a retrospective cohort design. The index admission was defined as the first episode of hospitalization resulting in discharge with OPAT, occurring from 1 January 2009 to 31 December 2011. Each participant's records were examined to ensure that they had no prior admissions resulting in discharge with OPAT. The primary outcome was 30-day readmission, which was defined as unplanned hospitalization, at the study institution, for any cause, within 30 days of the index admission's discharge date.
Variables
Patient's age (years), hospital length of stay (days), and number of prior non-OPAT admissions was recorded. Intravenous antibiotics were recoded and analyzed by antibiotic class. History of any drug-resistant organisms included methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococcus, or gram-negative bacteria with expanded-spectrum β-lactamases. Categories of infectious diagnoses were based on previously published work [7] . Diagnoses were not exclusive-that is, a patient with endocarditis and vertebral osteomyelitis would be scored with 2 diagnoses. Primary bacteremia was scored as a separate diagnosis. Each diagnosis was entered into the model as a binary variable. A modified Charlson comorbidity score was calculated for each patient [9] . A history of immunosuppression was recorded and was defined as history of any of following: human immunodeficiency virus/AIDS, cancer, solid organ transplant, or bone marrow transplantation. Vascular access was categorized as PICC ( peripherally inserted central catheter) vs other (ie, tunneled catheter, dialysis catheter, dialysis fistula, or port). Primary clinical team was also recorded and categorized as surgery, medicine, or ID. Outcome data and readmission diagnoses were manually abstracted from charts.
Statistical Analysis
Descriptive characteristics were summarized using means and standard deviations for normally distributed variables and medians and interquartile ranges for skewed data. Clinical and demographic characteristics were compared between readmitted and nonreadmitted patients using the Student t, Wilcoxon rank-sum, Pearson χ 2 , and Fisher exact tests, as appropriate. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression. Variables achieving statistical significance P < .2 were candidates for the multivariable model. Age was included in all multivariable models by a priori decision since advancing age has been shown to be significantly associated with hospital readmissions [10, 11] . Candidate variables were selected for final model inclusion using backwards selection with Akaike information criterion (AIC) [12] . Although Charlson comorbidity score and site of postacute care (ie, home vs facility) did not meet predetermined statistical significance, they were also included in the final model as a sensitivity analysis because of their potential clinical significance to readmissions. These variables were also subjected to backward selection by AIC. Variable selection was followed by analysis of leverage and influence points as well as accounting for covariate overestimation [13] . The final model's performance was characterized using c-statistic [14] , calibration curves, and HosmerLemeshow goodness-of-fit [15] . Four subjects were removed for high influence by Cook's distance [16] . A bootstrapping algorithm was used for internal validation of the model [17] . Statistical analyses used R Statistical Program, version 2.13.1 (updated 22 July 2011, copyright R Foundation, from http:// www.r-project.org).
RESULTS
Study Population Characteristics
Study inclusion and exclusion details are presented in Figure 1 . Demographic and clinical characteristics of the cohort are shown in Table 1 , and antibiotics and diagnoses in Table 2 . The mean age of the study population was 58 years (range, 18-95 years), and 43% were women. The primary discharge diagnoses were bacteremia (24%), osteomyelitis (20%), pyelonephritis (13%), and intra-abdominal infections (11%). Discharge diagnoses were not exclusive. Patients discharged home had a similar rate of readmission as patients sent to a facility (ie, skilled nursing facility or rehabilitation; 28% vs 24%, P = .24).
Twenty-six percent (207/782) of subjects were readmitted within 30 days. Readmitted subjects were slightly older (61 years vs 58 years, P = .06), had more previous hospital admissions in the past 12 months (1.5 vs 0.9, P < .001), and had a higher proportion with prior isolation of drug-resistant organisms (21% vs 15%, P = .037) compared to those not readmitted. As shown in Table 2 , subjects receiving aminoglycosides had 2-fold higher crude odds of readmission compared with subjects who were not given this drug class. Immunosuppression was less likely to have been diagnosed among readmitted patients (25% vs 31%, P = .10). Median length of stay of index hospitalization was similar between groups (6 days for subjects subsequently readmitted, 7 days for not readmitted; interquartile range, 4-10 days for both). Reasons for readmission are presented in Table 3 ; the most common indications were non-ID related (30%), worsening infection (30%), and new infection (22%). Patients could have >1 reason for readmission.
Multivariable Model
The following variables met our a priori inclusion criteria of significance level P < .2 and therefore were included in the initial multivariable model: age, support status, drug-resistant organism, history of immunosuppression, number of prior non-OPAT admissions in past 12 months, inpatient service, 3 antibiotic classes (antistaphylococcal β-lactams, fluoroquinolones, aminoglycosides) and 5 diagnosis categories (bacteremia, cellulitis, endocarditis, pneumonia, pyelonephritis). For patients prescribed aminoglycosides at discharge, nearly half (6/16) were readmitted for medication side effects (4 acute renal insufficiency, 1 rash, 1 both rash and neutropenia). Of the remainder, 4 were noninfectious causes, 3 were PICC related, and 3 were due to infections.
The final regression model consisted of age (OR, 1.09 per decade; 95% CI, .99-1.21), aminoglycoside use (OR, 2.33; Figure 2 do not show a pattern of either over-or underestimation. HosmerLemeshow test result for goodness-of-fit was χ 2 = 5.5 (P = .7), indicating that the data fit the model well [15] .
Sensitivity Analysis
To address the potential threat of outcome misclassification bias due to loss to follow-up (ie, patients potentially readmitted to a hospital other than Tufts Medical Center being classified as nonreadmissions), we reviewed subsequent medical services for all subjects who were not readmitted within 30 days (n = 575). Seventy-eight of 575 (14%) subjects had no additional services performed at Tufts Medical Center following hospital discharge. The 78 subjects did not differ significantly from the remaining cohort in terms of age, sex, aminoglycoside use, or length of their index hospital stay. As shown in Table 4 , either removing the 78 subjects from analysis or reclassifying all 78 subjects as readmissions did not meaningfully change the final model ORs.
DISCUSSION
Our findings emphasize the need to study OPAT readmissions. Readmission rates were high in this study (26%), which is comparable to some other studies of OPAT patients [2, [18] [19] [20] [21] . Our subjects were medically complex, with one-quarter diagnosed with bacteremia. Four factors, readily obtainable at time of hospital admission as well as discharge, were found to be associated with a higher rate of readmission: age, history of drug-resistant organisms, prior hospitalizations in past 12 months, and aminoglycoside use. Age and prior admission were described as being important in a number of models of readmission prediction [22] . Interestingly, age was less significantly associated with other factors, implying that underlying disease severity, microbial virulence, and antibiotic toxicity may overcome the usual association of age in the OPAT setting. Although the Charlson score has been validated for predicting mortality, we did not find that it was associated with 30-day readmissions for OPAT, further illustrating the challenge of finding both clinically and statistically significant associations with readmissions in the OPAT population. Unlike other studies of readmissions [22] , we did not find associations between proxy variables for socioeconomic status (eg, insurance type, lack of social supports). In our system, a patient is cleared for home parenteral therapy by the combined efforts of an ID physician, a case management nurse, and a home infusion nurse. This process may already weed out those patients at risk for readmission due to socioeconomic factors. Aminoglycoside use and a history of drug-resistant organisms are novel risks for OPAT readmission that have not been previously identified. The history of drug resistant-organisms seems an intuitive risk factor for OPAT readmission, as does the use of aminoglycosides. The association of aminoglycoside use with readmission could reflect the toxicity of these agents or the higher disease severity present in patients treated with aminoglycosides compared to those not treated with this antibiotic class. Finding these new factors suggests that improvement in prediction for readmission may depend critically on identifying influential clinical factors for specific subpopulations, rather than anticipating that a single readmission model might work for all.
Despite finding these 4 variables significantly associated with readmission, model discrimination was limited. It is notable that in virtually all models of 30-day readmission for other underlying conditions utilizing retrospective data, the level of discrimination varies between 0.60 and 0.77 [22] . However, similar to other readmission studies with fair discrimination, Sensitivity analysis 1: Eliminate 78 subjects from model who never had follow-up at study institution. Sensitivity analysis 2: Change outcome of 78 subjects to "yes readmission" who never had follow-up at study institution (in case they were readmitted elsewhere). our model also showed a "clinically meaningful gradient" [22] of readmission risk across quintiles, with a nearly 3-fold difference from lowest to highest. Potential causes of the difficulty of predicting readmission in this population may be that OPAT programs enroll patients at similar (high) risk-that is, patients sick enough to require hospitalization and well enough to be discharged with intravenous antibiotics. Finally, because the reasons for readmission are heterogeneous, prediction of this event may be more difficult. Thirty percent of these readmissions were unrelated to an ID diagnosis or complications of antibiotic use. Study strengths include the capture of planned vs unplanned readmissions, which is not always accomplished in readmission studies [22] . A wide range of patient demographic and clinical variables encountered in everyday clinical practice was also evaluated. The breadth of conditions treated promotes generalizability of this model among hospitalized patients and ensures that this model is relevant to real-world situations. Because subjects were referred to the OPAT program by their inpatient ID consultants, we presume that data on infectious diagnoses and antibiotic treatments were correctly documented in the medical record. Diagnoses and treatment were abstracted from individual patient medical records as opposed to billing or other administrative data, further increasing the accuracy of exposure and covariate classification. All data were originally collected prospectively, thus diminishing the usual risk of recall bias in a retrospective study design.
A limitation of this single center study is restriction of analysis to the first readmission, and we made no analysis of second or subsequent readmissions. However, this restriction ensured better comparisons among subjects in the research cohort and avoided additional potential confounding by downstream events. Another limitation is the possibility of misclassification bias for subjects who did not return for further follow-up to the host institution. However, in sensitivity analyses, removing these subjects from the data set or reclassifying them as readmissions did not meaningfully influence the results. We did not present extensive information on readmissions due to infections, as the diagnoses were extremely broad and did not shed light on the predictive model. The patient case mix and healthcare processes of a tertiary center, including a dedicated ID ward service, may make these results less germane to every hospital setting. Some authors have raised a reasonable concern regarding the use of 30-day readmission as a quality measure [23, 24] . These concerns notwithstanding, there remains intense interest in reducing rates of 30-day readmissions and, in turn, in identifying patients at especially high risk of readmission.
In summary, we developed a predictive model for 30-day unplanned readmissions for patients discharged with OPAT using 4 readily obtainable variables: age, prior hospitalizations in past 12 months, history of drug-resistant organisms, and aminoglycoside use. While discrimination was modest (c-statistic 0.61), it was similar to many published readmission models [22] . This study indicates the high risk of readmission for OPAT patients and the need to develop evidence-based interventions to prevent OPAT readmissions using appropriate risk stratification to ensure that efforts target the highest-risk patients.
